Synthesis and study of nanoensemble, based on graphene oxide conjugated with quercetin-
containing extract, extracted from onion peel (Allium cepa L.)

Z.0. Gakhramanova!, S.S. Hasanova'*, N.H. Mamedova?, A.A. Israyilova®, G.S. Aliyeva’, T.O.
Rahimov?, T.C. Ismailova?, G.S. Kerimova?

!Scientific Research Institute “Geotechnological Problems of Oil, Gas and Chemistry”, Ministry of
Science and Education of Azerbaijan, Dilara Aliyeva Street 227, AZ1010 Baku, Azerbaijan

2 Azerbaijan Medical University, Samad Vurgun Street 155, AZ1022 Baku, Azerbaijan

3 Baku State University, Zahid Khalilov Street 23, AZ1148 Baku, Azerbaijan

Abstract

This study presents investigation of newly obtained antibacterial agents synthesized through
functionalization of graphene oxide with quercetin-containing extract from the onion (Allium cepa), and
subsequent antibacterial analysis of the resulting nanoensemble. Quercetin contating extract been
investigated by HPLC. The structure and morphology of the resulting nano ensemble was confirmed by
FTIR spectroscopy, powder X-ray diffraction, and Transmission Electron Microscopy.
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1. Introduction

The increase in the number of infections and the significant growth of resistance of microorganisms to
antibiotics are among the crucial problem the world health care system is facing. Formation of resistant
strains of bacteria that significantly complicate treatment, are recognized as a very important global
socio-medical problem. Thus, it seems particularly relevant to search for natural compounds that can be
used as an alternative supplement to antibiotics. In this aspect, scientists mind are attracted by the
bioflavonoids that are the natural phytochemical substance containing polyphenolic structure. It is
famous for it antioxidant, anti-inflammatory, and antimicrobial properties [1]. It is widely distributed in
various fruits, vegetables, drinks, as well as in flowers, leaves, seeds, etc. The most widespread of the
bioflavonoids is quercetin that demonstrate wide range of biologically active properties. The most
abundant source of quercetin is onion (Allium cepa), which is one of the most popular vegetables used
both as an edible and medicinal plant. Quercetin is one of the common flavonoids that demonstrate
antimicrobial activity, effectively inhibiting growth of various bacteria [2,3,4].

However, quercetin’s poor water solubility doesn’t allow to cell membranes effectively adsorb this
compound, that is why there is interest in improving these shortcomings by increasing its bioavailability

[4].

In turn, the use of modern nanomaterials opens up great prospects for their use for biomedical purposes.
Nanomaterials based on graphene and its derivatives have received wide interest due to their unique
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physicochemical properties. Graphene Oxide (GO) has attracted much attention in biomedical
applications due to its biocompatibility and promising properties such as high specific surface area with
lots of oxygen containing functional groups (epoxy, hydroxy and carboxy) that allow effectively
functionalize its surface with molecule of interest, to bring the novel and useful properties such as
solubility, biological activity, mechanical strength, thermal stability, optical properties etc. [5]. Over the
past few years, GO has been found to have excellent immobilization ability for many substances
including metals, drugs, biomolecules, and fluorescent molecules with anticancer, antibacterial, and
antiviral properties [6,7,8].

Considering all we mentioned above, we carried out the synthesis of new nanoensemble based on
graphene oxide (GO) with quercetin-containing extract. The obtained nanostructure have been
investigated and analyzed for biological activity.

2. Experimental part

Reagents and materials. Ethanol (70%), ethyl acetate, graphite, NaNO3, H2SO4, KMnO4, distillated
water, H202(3%), DMSO-d6 have been purchased from Sigma Adrich and used without further
purification.

Extraction. Extraction of quercetin. Onion wastes were selected as the raw material for extract quercetin-
containing extracts. Initially, the bunch of onion peel was rinsed under a stream of distillated cold water
and dried at room temperature. After that the cleaned raw material was ground to a size of 3—5 mm.
Subsequently 50 grams of the crushed wastes were soaked in 300 mL of ethyl acetate and maintained in
a water bath at 60-70° for 3—4 hours applying reflux condenser. The resulting onion husk solution was
filtered and dried in a thermostat at the temperature of 40—50°C. Obtained powder was recrystallized by
using 70% ethanol, yielding 0.2 grams.

Preparation of quercetin containing extract. In the case of obtaining the onion husk extract, 70% ethanol
was used as the solvent, and drying was carried out using a rotary evaporator with a vacuum pump of
extract. The obtained product was the light yellow pouder.

Synthesis of graphene oxide. Graphene oxide was prepared by a Hummers method, a method that is
renowned for increasing the efficiency, safety, and general quality of production of GO, thereby ideal for
both research and industrial purposes.

In short, 10 g of graphite and 5 g of sodium nitrate were dispersed in 250 mL of sulfuric acid and were
stirred for 15 min while maintained in ice bath. Thereafter, potassium permanganate was slowly added
to the reaction mixture with control to keep it below 20 °C. Upon addition of this, the reaction mixture
was stirred for 5 h while gradually raising the temperature to 35 °C.

The oxidation process was followed by quenching with the addition of 450 mL of deionized water. Next,
2500 mL of hydrogen peroxide solution in the form of 3% hydrogen peroxide was introduced to solution.
The product was centrifuged and rinsed with distillated water thoroughly under conditions where the pH
became neutral.
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Synthesis of GO@Quercetin containing extract. 0.05 g of graphene oxide nanoparticles in 15 mL of DMSO
was dispersed in ultrasonic bath for 15 minutes. Then, 0.15 g of the active compound (quercetin) was slowly
added to the graphene oxide nanoparticle mixture, followed by continuous stirring for 48 hours.

Characterization of graphene oxide and obtained nanoensemble

FTIR spectroscopy. The synthesized structures- the quercetin exctred from the onion and graphen oxide
have been investigated by FTIR analize. The spectra were acquired using a Thermo™Scientific™ iS
FTIR spectrophotometer. FTIR analysis was conducted to investigate the molecular structure and identify
the functional groups present in the materials.

X-Ray powder diffraction analysis (PXRD). X-Ray diffraction (XRD) analysis was conducted under
ambient conditions using a Rigaku MinFlex 600 diffractometer to elucidate the crystalline phases and
structural features of the synthesized graphene oxide

Transmission electron microscopy (TEM). The TEM analysis of the of graphene oxide and
GO@Quercetin containing extract was investigate on a TEM JEOL-1400 (Japan) at 80—-120kV.

HPLC. The obtained extract and quercetin were qualitatively analyzed and compared with the standard
solution of quercetin by high-performance liquid chromatography with diode array (HPLC-DMD).

Biological analysis. The antibacterial activity of the investigated compounds against bacteria E. coli and
S. aureus was assessed determining minimum inhibitory concentration (MIC) by twofold microdilution
method.

Determination of minimum inhibitory concentration. The minimum inhibitory concentration of samples
(Quercetin, GO, PE (Quercetin containing extract), GO@PE, GO@Quercetin) was determined by
resazurin dye assay [1-4] on clinical isolates E. coli and S. aureus in accordance with CLSI guidelines.
The yeast cultures used in the microbiological studies were taken from the culture collection of Baku
State University (Azerbaijan). The compounds were prepared in DMSO according to the CLSI standards
and diluted in 96 well microtiter plates in Muller Hinton Broth (MHB) (“Liofilchem”). The concentration
of the assessed substances ranged from 256 to 2 pg/mL, afterwards fungal strains were inoculated into
each well and plates were incubated for 18 hours at 370C. The final density of the test cultures was
adjusted to 0.5 McFarland by using a digital densitometer. Xmark (Bio-Rad) plate reader was used for
the reading of the experimental plates before (0 h) and after incubation (18h). In addition to this 30 uL
of resazurin dye (0.01%) (Sigma Aldrich) was added to each well and microplates were again placed in
an incubator for 3-4 hours. The colour change from blue to pink is considered as evidence of bacterial
growth. This way the minimum inhibitory concentration (MIC) is considered as the concentration after
which the tested compounds do not inhibit this change in colour. Gentamicin and Ciprofloxacin were
used a control for S. aureus and E. coli, respectively

Growth inhibition. Growth inhibition assay were performed according to the guidelines by CLSI.
Bacterial strains was stored on Tryptic Soy Agar (TSA) at 370C for 18 h. The wells were treated with
the samples and concentration of the compound was ranged between 256 — 2 pg/ml. After treatment, 96
well plates were incubated at 370C for 18 h. Xmark (Bio-Rad) plate reader was used for the reading of
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the experimental plates before (0 h) and after incubation (18 h). The growth inhibition percentage was
calculated relative to vehicle control (DMSO). The MIC was determined as the lowest concentration
with >90% inhibition. Test were repeated in duplicate with three technical replicates per treatment and
on different days. The graphs were prepared on Graphpad Prism 10.0 Software

3. Results and discussion

Quercetin is a natural flavonoid with a number of biologically active properties, however, the low
solubility of quercetin in water does not allow cell membranes to effectively adsorb this compound,
which opens up great prospects for modifying it with various nanomaterials. Various modifications were
carried out with nanoparticles such as: quercetin was modified with mesoporous silica nanoparticles [9],
polymeric nanoparticles [10], chitosan-alginate nanoparticles [11], chitosan tripolyphosphate
nanoparticles [12]. The non-covalent functionalization of GO with quercetin from the onion (Allium
cepa), have not been presented and tested against E. coli and S. aureus yet. In view of the above, we have
functionalized graphene oxide with quercetin containing extract. Obtaining of GO been prepared by
Hummers method [5]. The reaction scheme is presented below.

8] T
.-'_ff'_' ” e \l If
,..--"L..“-UH [ |r "F\\- § - J::\:\"-'._ it
¥ . __-""-";\-_-\_.1/
GO I =y ]I . T " [
o [} + . .-:-'I«. A e "J" _.:,_z_,'
i '|'.’ ot " I
OH

Figure 1. Synthesis of nanoensemble

The obtained exctract, GO and nanoensemble have been analyzed by FTIR, XRD, HPLC methods. The
morphology of prepared nanostructure was investigated by transmission electron microscopy.

FTIR spectra analysis was performed to investigate the structure and functional groups of the prepared
materials. FTIR analysis of GO showed O-H (~3406 cm™1), C-H,CH2(~2959 cm™1), C=0 (~1722 cm™1),
C-O (~1177 em1), peaks, indicating successful oxidation of graphite flakes. FTIR analysis of
GO@Quercetin nanoensemble reveals decrease of the absorption band of the hydroxyl group to 3270
cm-1 that indicates the formation of hydrogen bonds during functionalization.
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Figure 2. FTIR-spectrum of GO@Quercetin nanoensemble

XRD peaks position reveals composition, while the intensity provides structural and phase information.
GO demonstrate exhibits characteristic peaks in Fig. 3 it is 26~11° and is 26~42° showing the distance
between layers of graphite after oxidizing of graphite.

Figure 3. XRD pattern of graphene oxide.

The morphology of graphene oxide in Fig. 4(a) is shown as GO sheets consisting of several layers
stacked on top of each other, which ensures minimal creasing.

In the case of TEM images of GO conjugated with quercetin and crude extract demonstrated in Fig
4(b,c), the strong compaction on the dark areas shows the formation of hydrogen bonds in the obtained

substances.
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Figure 4 (a). TEM image of GO Figure 4 (b). TEM image of GO@Quercetin

o

Figure 4 (¢). TEM image of GO@crude extract

HPLC. For the identification of quercetin, a wavelength equal to 368 and 254 nm was chosen, as
mobile phase 1.5% acetic acid and water/acetonitrile/methanol ratio 55:40:5.

As a result the HPLC analysis reveal that identical peaks were detected, indicating the presence of
quercetin in both investigated substances.
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Figure 5 (;1). HPLC analysis of standard
(PE) quercetin solution.

Figure 5 (b). HPLC analysis of crude plant extract
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Figure 5 (¢). HPLC analysis of quercetin extracted from the onion (Allium cepa),
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The antimicrobial activity of the tested compounds against Escherichia coli (E. coli) and
Staphylococcus aureus (S. aureus) was evaluated by determining their minimum inhibitory
concentrations (MICs).

The Quercetin containing crude- plant extract (PE) exhibited moderate antibacterial activity, with MIC
values of 8 ug/mL against E. coli and 16 pg/mL against S. aureus. It was revealed that, the GO@PE
composite showed a significantly enhanced antibacterial effect, with MIC values reduced to 2 pg/mL
and 4 pg/mL against E. coli and S. aureus, respectively. This suggests a potential synergistic effect
between GO and PE when combined, resulting in improved antimicrobial potency.

In contrast, GO alone demonstrated poor antimicrobial activity, with high MIC values of 256 ug/mL for
both bacterial strains, indicating limited efficacy when used individually.

The positive control antibiotics also demonstrated potent antibacterial activity. Ciprofloxacin (CIP) had
an MIC of 2 pg/mL against E. coli and Gentamicin (GEN) inhibited S. aureus with an MIC of 2
pug/mkL.
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Figure 6. Growth inhibition of S. aureus and E. coli
4. Conclusion

We successfully isolated quercetin-containing extract from the onion (Allium cepa), and then
successfully functionalized it with graphene oxide. The morphology and structure were confirmed by
using physicochemical methods of analysis. Biologically active compounds were tested for antibacterial
activity. While quercetin alone showed limited antibacterial activity against both bacterial strains, its
conjugated form with graphene oxide led to significant increase of antibacterial activity. In conclusion,
the results obtained emphasize the higher efficacy of GO@PE composite compared to its individual
components and indicate its potential as a promising antimicrobial agent, especially against both Gram-
negative and Gram-positive bacterial strains.
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